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(54) ULTRAVIOLET LIGHT-EMITTING ELEMENT 

(57) Abstract: 

PURPOSE: To provide a solid-state element which is 
small-sized and lightweight and which generates 
ultraviolet rays. 

CONSTITUTION: The title element has the following 
structure: a diamond film whose earner concentration is 
low is used as a light-emitting layer; and it is 
sandwiched between a p-type diamond and an n-type 
diamond- An electric current is made to flow from a 
p-type layer to the diamond layer whose carrier 
concentration is low and to an n-type diamond layer. 
Electrons are injected from an n-type layer and holes 
are injected from the p-type layer into the low- carrier 
diamond layer; an indirect transition is caused by the 
action of electrons, holes and phonons; ultraviolet rays 
are generated. 





COPYRIGHT: (C)1992,JPO&Japio 



(i9)B*©m*/T ( j p) 



^ H 4$ I* ^ « <A) 



W HUM -240784 

(43) 4iW B ¥fi* 4 «p (1992) 8 H 28B 



(51)Int.Cl.» g&S'JSE^ frrtfiS f FI BffiSl^fSm 

HO i L 33/00 A 8934 - 4M 

21/205 7739- 4M 



(21)lii««*t 


*#8B¥3- 60820 


<7l)tiiBlA 


000002130 










(22)ffilBB 


¥fifc3^U99l) 1 E24B 




*RiS*IRm 4>*K*«B3TB 5 833** 








®* &«r 








AJKftfrrtifraRtt-TB 1 S 1 














(72)%^# 


4M - ft 














































(74)ft«A 


*?ji± mm mm 



(54) c^^^^^i xtmnxm* 



(57) i^^i 

net. 

-f + nSa^-flr^ Hi'vtat. n&TJBa^ 



a. 



—427— 



J: ? \Z I - £ £fc*g*£ft3t^. 

t \ Z «fc T ? -f * * > H & ft S * ^ £ « £ T * £ 

? t c u ^ r £ £ t» t r * & n *& & # 5?? ^ . 

[58*1131 9?©ii#3ck^lfiiSttS«<OJi(C, pSS* 
^?tfgi:LT^S^t€>KI, pi 

*<D*£*m3ft3R^. 

[Sfl#JH6] SftS^LTO^-rr^ KBd<#a> 

uii3icSEttco'fctttJI&ft*^. 
[I8*J|58] fSftB£LT«>y< ^>KB*<U>*5 

[fc^OtftgftlftSI] 
[0 0 0 1] 

nts^j^^ft-tsfsftamcra-r* t>co-c&*. 

[0 0 0 2] 

x:*¥^*isft£^a<ffii>o-3.fe*. ^fe. Hfe. fife 

SrfSftTS&fty-f K^ttRtC^<f«Jffl$nTV^ 
[0 0 0 3] ^n«tu^tO« 13-3 9 7 nmWififi 



(2) t#SW4 - 2 4 0 7 8 4 

2 

co®&i££U5. 1 3~ 2 0 0 nmt0fccD£S8!fc*V. 2 
0 0- 3 9 7 nmCDt>tf)£i&5fctt<t:^?. &*m[*x* 

[ 0 0 0 4 ) 3££. in«$:«iT^^(tUT. (Dft 

i0 ®«^fS<7)X*;U*-£ffc*C0t>O£*JfflT*t><7> 
(S Rft) 

n * <t p e sift & *4 c at l hj ^ft «c £ a l t -r -5 

f£ft<7)®*ti* £ < /t«7 - te/|N<* 
[0 0 0 5] S R%l££-2>Sft<ffl<. 

[0 0 0 6] t)Ut*^ft«rX^;U^-ffi«OS5^«tta 
30 [0 0 0 7] L^L3SfiE^>tw^l l !«©'C^®«<^^n» 

u <7> a* £ » ^ s -a- z. n ^ j&ft^*^*cia u 

[0 0 0 8] ^35«:T*^«l«:»±$^*>S:«6tC^> 

Appl. Phys. Lett.. 53. (198 
8 ) . p 9 6 2 

$ntl^. **&B¥1 - 1 0 2 8 9 3 (Hi. 4. 2 
0) ^ntt^>ft : E>H*R3titr*X|/^ 

«^-f -^^ > K»fta^^»*T«^s*co^w^^ 



-428— 



3 

[ 0 0 0 9 3 ^W^fif^pS!^ ir^> H C&A 
■r^i^^ iiE?l^^# t»3t-T5>. PJiteiSf^-e&ft 

^nx^fziEiitimi&is? *coT<fcft„ k*-u^;u. 

y^ty^ U^;K0^j!><» 2. 5eV-3eVggT$ 
ft COT^ fe<Dfttf<Tft £ U o WX'^ ft. 
[0 0 10] 

[SfWftLi^tTiM ttffiJUi::* 

n&*%±T£fta<^8^x*;i>*-fc&co:*:$u*# 

jEIEfci8U< Tfife^fcSKa&T&ft. H#*ft*5SH 
££«V>ft c -BNX^ttWBftWLL*. ^fi^M^K 

[0 0 11] gnia^KBSl- 1 0 2 8 9 3«y<^^> 
K*^tt®<i:LTffl^ft*><OT<fcftat, ^<^)X^;^ 
»Jt(Oe-^J5*4 5 0 nm <2. 7eV) "C 
<fcft. o£0Sfec03tLa>tiSfcl*. 3 00 nm£lTO& 

& ftlEfl. £ $ $ i*ft WT* 

ft. L^L^^^w^K^-q^atT^-ty^tH^AVt 
> r y y<oa*te9BEt>£CftC&B-rft<7>T. K"*" 

ft. cco/^j6fz^^ecDx^ji.^-^{g<T^n>t^m^ 

£i::iS]l>fc^S£i£ftK<fc0ra6£T£ft:J>/t* bum 

ft. 
[0 0 12] 

[E&@£#t*-rftfcJ£><O^J5] ±2ScOf21@£fi?tfe-rft*: 
3t»^r«:W^t-r^. $f-f-V%>Ktt5. 5 e V0>f£fr>/t 

£ff26tT£ft£lr*-?:i£;T&ft. CCDA-CPJU^-f K^X 

t^».^%A6tlT^. w^J6i:^K^K? 1 - 1 
0 2 8 9 3 U • 7*±:7'*Pp , Ji£f*£<£oTOft. 



(3) ^ffl^4 - 2 4 0 7 8 4 

[0 0 13] *&^#UPfl#iS&£{£oT2£*£t*ft:: 
~ coJSSuy-i' HroA>H^t 7^ 
CO 5. 5 e Vtcsa^x^^^-cO^e^aiTC <fcrt<iC£<£> 

Jffim^cOlBgBcok^ hJUT^^r^cOTiS&T 
ftfcsiHC* / > (phonon) <Of»JKfg££ it 

;<? [0014] l frLn&tzm&Vfmiz ft h> 

f p h o t o n) <D&'.*UT. TEH. * S 
Ci£&«iS£5*C*:fcCOT£>ftCOT* ^^6S^/>?(g<T 

[ooi5] *>oz>iL-?n&tezii&n?tmizxuB'*. 
dFL^asn^^^ig^sruxu^^. cnu>*c^:ft 

&&^<£^X*;i,*-<Ott£ffi^»fti8f£€:Tft. Z\tl 

& ft* 

[0 0 16] *CT*»WO*»8»**^tt, 

^^epi^^t, nm*mt*m-c&** pis. 

pi®. nSS*>e>*Pfl<0&7t®CIE?U 

? -fc y * m & a*> j> & v > co t w n ■=> <r> * r u -v j * * *i -e *i 
cnecotpatcfifi6Aenftc < i:^:<, ffi«^f-«. ea* 

SflCAft. ^UT*/><0©i^££#?|y]teiSI*£U 
T/O K^rv^»CS^U^X^;U^-CO^€:«^-r 

ft. *y >tt»^<oi»®«iyi<OT^ft*^ci:$ 

-rftMACftlrl. 

[0 0 17] %JtS<i:UT<oy-f -V^e> Hco^^cOpl 
^«*e. nl^^B«^-V*>KT*ft^, 
ir^> H«tOt>/t> K^^ y^irt^^«cTfeftcO*t 

^T<OXfSffiS^^<T^ft. IE?l^m : P<0£A«&J*i 

o^oi««H^»^/i(tntf^^u^aA^-c€r>et^A^ 

~C*>ft. t>o £fcfiC*cOtep!Sa<*D>K-:/<05' f *f 
A'^Er>H-Cv n SIB«^<^ ; e> KJWn<0^9?*JCTft 

ct-c&ft. cco^^x^o^^acoy-r-v^E^ hu^: 
<^ & *? c ^ ^ m e fit ^ ^ < -v > h t * ^> r t> j: ^ ^ 

^n>^»J^^AC0<fc-p^T«»«:SSt»B5jtJPLfc^ 



-429— 



(4) 



*#W¥4 - 2 4 0 7 8 4 



tO 0 1 8 J a*Wi-»^S i O; 9ftfc*tS£p 
[0 0 19] 

[ftffl] ^-ff^/Hli/OH^fy^D. 5e.Vi 

*>cot&*. rfl««»T****e>* je?l 

i&JSm^tiy-f t^>KWC$S« 1 4 o CC«T 

* -5 ^Tiwia^tt^asn^ t) <75 1 * . 

[0 0 2 0] $ fcK^-f -V^> K<D*Afe3?^li2 0W/ 
c mKT, Si^20TO^ CO£«6&*M£*C* 
*12>. &l»tea<fi<,>cOT$<<-*'^:> KteS i CD h7>v 
**-*>G a A s MU-lfOb- hyy^Cffi^nt^ 

10 0 2 1] ftfcif&^fccfc^cram&^Ti&ay-f 

UZ>. fc*a>6ffiiS4*aB (100-200 1C) C*3V*Tfc 

10 0 2 2] 

flDlfc^<t€>HliS2^'7<5'PiSy7X7C.VD^ 
OK**** 

>*>SK( CH< /Hi ) e% 



*D>iSffi (B 2 Hi /CH« ) 3 00ppm 

4 0 T o r r 
V-f ^aifc/W- 4 0 0 W 

[ 0 0 2 3] 0 ;Jc(C»7tS«i:LXC7)y > K-^fiH 

(CH, /H ; ) 1 0 % 

J0 6£3lifi& (O: /Hi ) $% 

G£^3 4 0 To r r 

£ 4 0 0W 

y > K-y^-f HK» 0. -7Min 

[0 0 2 4] CD 2 eiC-ecO_h^ 'J >£i£faL*:n ^CO 

<CH< /H* ) 6 96 

'J>*& (PH, /CH, ) 50ppm 
a? JErt 4 OTo r r 

• v< ^p«/t»7- 40 0W 

>J>«ftl^ *%>KSItJV 0. 2 M m 

to 0 2 5] @> Bicod:pi:y>H-r^'ft^>K 
SI 3 fcij >mm^-C ^^>HK4<D-g8«rXv^>^ 

H«4 cOJtiCT I «ffi5«ff-A«*ffilCJ:0tt 
0. 2 MmcDJSaiCJ&riEUfc. 

[0 0 2 6] # □ >8&ftIfl!<?)ttSCft4> 5 0 VO/W T 

^<D^®A>e<0«^$:^^ST»J^T-Si@2C7> < fc-5^ 
^n^O^^tX^^ ML>*g*fc. mtt^iS^ <nm) , 
««fi%3t34^«rtt«B«0"C^-r, 2 6 0 nmtt- 

[0 0 2 7] (nmm 2) 0 3lC7KT«£5fe3S*fc3* 

^<^^> KJR6£Jgi£Lg«8£U>8sftl*W-t'^> 
6 0)J:t T i «S 5 *ft^4><DTifc5. Sx&S&fc 

max* 

(CH« /Hi ) 696 
*D>fiffi (B, H. /CHi ) 2 0ppm 

U> SJS (PH» /CH« ) lOppm 

BE^J 4 OTo r r 

V<2?Di£/X'7- 40 0W 

B, PSSftl^<i'^>HK» 0. 7 um 

so [0028)0 -ecojiic'j >^fta^-r^^e>HiR^^ 



—430— 



(5) 



*#0fl¥4 - 2 4 0 7 8 4 



8 



**>iB& (ChL /H; ) 6% 

'J >ifi)S (PH, y CHa ) SOppm 
£*J 4 OTo r r 

-7 -Y ? afc/il- 4 0 0 W 

'J > f& fin ^ "V* > K US 0. 2wm 

l®{;Til9ffi5, S*«^fc'- Ai»«r^-CJKB£UA:. i0 
[0 0 2 9] d ? UT^^^O^^^^Tt^^^T^Ac 

cot. cne>co€Siciim-r^<i:^n^$:^t?wfe. » 

h^£#*t>£:. H 4 i:in?-^t. 4O0nmi:e-i7 
^^X^ Ml-Tfc*. %7t<0^:gP^«3 5 0-4 5 
0nmC9*£T, 3 0 0 n mUTOffftfflfi£#tt:J>tti*ft t 
fil^lC^tnTl^. C*l^@2<75fcCD£Jt«T* 

(CHi /Hs ) 

*D>®a <B* H* /CH 

<CH« /H, ) 
[0 0 3 21 O $ £ rc-t<fc±!C 'J > K- -f<»?<i i*** 

(ca /h* ) 

U>ifi& (PHj /C.H« ) 

3) 'J > K-^5^-V*:> F/B4<OJb«CT i 5 , ^ 
[0 0 3 3] C<a&**^»C«cfc£85L0lM^O$l3fc«: 



[00303 mmm 3) @ 5K*TJ:5&*3fcjit 
^> ^^aTi^<fetttt4twT«)*. suss 

>Hi2, />H-y^t^>H83, »J>H-^y 



6 % 

) 3 3 0 p p m 
4 0 T o r r 
4 0 0 W 
0 . Sum 
^ [0 0 3 1] ® Z<D±lZ/> 



1 0 96 
5 % 

4 0 T o r r 
4 0 0 W 
0 . 7 wm 



6 % 
SOppm 
4 0 T o r r 
4 0 0 W 
0. 1 u m 
[0 0 3 4] 



-431— 



(6) 



&mW-4 - 2 4 0 7 8 4 



10 



to 0 3 5] y-i ^> KIJCU/O K^r v -?*:ftr> 
* (it Pfl <7>iE^ £ f f * fc<OT&*m £ £T * C £ & 

to o 3 6] *?zw<r;&n&m^&^m&&um&XT 

/>< T £ -5 O T * i& ffl tf> ^ it * =? L T * Z i: t> ^ £ "0 * 



70 



[@® coffin S*^] 

[02] @ 1 (n^Tt^^Ct^^Tt^.^^ KAS. 
[03] ^M8^<75m2c7)||^0q^^^5Sin^^7t^^<D 

[04] BSO^Tt^^rCcfc^^Ttx^^ 

[@6] ^^B^^^ac^^jfewi-ji^^o^^^^^^-^ 

l 

2 
3 
4 
5 
6 
7 
8 



[0 1] 



sssssss 




100 



[0 3] 




imsi 




—432— 



;<7) 
[04] 



*#M¥4 - 2 4 0 7 8 4 




-433— 



